The interactions of cytochrome c and porphyrin cytochrome c with cytochrome c oxidase. The resting, reduced and pulsed enzymes.
Cytochrome c oxidase forms tight binding complexes with the cytochrome c analog, porphyrin cytochrome c. The behaviour of the reduced and pulsed forms of the oxidase with porphyrin cytochrome c have been followed as functions of ionic strength; this behaviour has been compared with that of the resting oxidase [Kornblatt, Hui Bon Hoa and English (1984) Biochemistry 23, 5906-5911]. All forms of the cytochrome oxidase studied bind one porphyrin cytochrome c per 'functional' cytochrome oxidase (two heme a); it appears as though porphyrin cytochrome c and cytochrome c compete for the same site on the oxidase. The resting enzyme binds cytochrome c 8 times more strongly than porphyrin cytochrome c; the reduced enzyme, in contrast, binds the two with almost equal affinity. In all three cases, resting, pulsed and reduced, the heme-to-porphyrin distance is estimated to be about 3 nm. The tight-binding complexes formed between cytochrome oxidase and porphyrin cytochrome c can be dissociated by salt. Debye-Hückel analysis of salt titrations indicate that the resting enzyme and the reduced enzyme are similar in that the product of the interaction charges on the two proteins is about -14. The product of the charges for the pulsed enzyme is -25, indicating that on average another positive and negative charge take part in the interaction of the two proteins. While there is one tight binding site for cytochrome c per two heme a, cytochrome c is able to 'communicate' with four heme a. In the absence of cytochrome c, electron transfer from tetramethylphenylenediamine to the oxidase to oxygen results in the conversion of the resting form to the 'oxygenated'; in the presence of cytochrome c, the same electron transfer results in the appearance of the 'pulsed' form. Cytochrome c titrations of the enzyme show that a ratio of only one cytochrome c to four heme a is sufficient to convert all the oxidase to the 'pulsed' form. Porphyrin cytochrome c, like cytochrome c, catalyzes the same conversion with the same stoichiometry. The binding data and salt effects indicate that major structural alterations occur in the oxidase as it is converted from the resting to the partially reduced and subsequently to the pulsed form.